Drought is a threat to crop productivity worldwide 1 and is not restricted to desert regions, since global warming is determining dramatic losses in agricultural yield even at temperate latitudes.
During water deprivation, plants rapidly modulate a series of physiological responses in order to economize the water use, such as 1) the stimulation of stomata closure through an increase of ABA content, 2) the accumulation of compatible solutes, and 3) the increased expression of aquaporins and vacuolar H + -pyrophosphatases for maintaining cell turgor through osmotic adjustments. 3 When drought persists, long-term adjustments of plant physiology are adopted. Ethylene levels reach concentrations that block plant growth, increasing root to shoot ratio, and in the meanwhile, a larger root system is stimulated to increase water adsorption. Despite these adaptation processes, accumulation of ROS can occur, dramatically compromising cell integrity and functionality, hampering the overall survival of the plant. The role of plant-associated microbiomes in plant adaptation to drought is emerging. 4 Plants benefit of mutualistic association with soil microorganisms that colonize the rhizosphere and the endosphere. Mycorrhizal fungi and Plant Growth Promoting Bacteria (PGPB) are capable of modulating the physiological response to water deprivation, increasing plant survival under adverse environmental conditions. 5, 6 Rapid changes in the structure of the plant-associated bacterial communities toward the selection of assemblages metabolically and physiologically adapted to drought, 7 determine the provision of differential services to plant, improving its resistance to water stress. 8 We showed that the rhizosphere and endosphere of pepper plants, cultivated in a traditional desert farm in Egypt, host bacterial microbiomes whose structure is different from uncultivated soil, indicating an enrichment of specific bacterial taxa exerted by the plant. 6 Rhizobacteria and endophytes exhibited a large array of PGP properties, potentially acting in synergy to support plant growth under water stress. Greenhouse experiments under drought-controlled conditions confirmed the potential of these bacteria in improving plant growth during water stress. Although affected by drought, several physiological parameters, related to photosynthesis efficiency, recorded higher values in pepper plants exposed to bacteria than in those untreated. The root biomass and length of plants exposed to bacteria plants increased up to 40% suggesting that the formation of a larger root system stimulated by the association with the PGPB is responsible for a higher efficiency in the water uptake from the dry soil. These findings underline that desert farming provides critical ecosystem services in arid lands where the plant rhizosphere represents a the association between plant and plant growth promoting bacteria (PGPB) contributes to the successful thriving of plants in extreme environments featured by water shortage. We have recently shown that, with respect to the noncultivated desert soil, the rhizosphere of pepper plants cultivated under desert farming hosts PGPB communities that are endowed with a large portfolio of PGP traits. Pepper plants exposed to bacterial isolates from plants cultivated under desert farming exhibited a higher tolerance to water shortage, compared with untreated control. this promotion was mediated by a larger root system (up to 40%), stimulated by the bacteria, that enhanced plant ability to uptake water from dry soil. We provide initial evidence that the nature of the interaction can have a limited level of specificity and that PGPB isolates may determine resistance to water stress in plants others than the one of the original isolation. it is apparent that, in relation to plant resistance to water stress, a feature of primary evolutionary importance for all plants, a cross-compatibility between PGPB and different plant models exists at least on a short term.
reservoir of microbial communities endowed with multiple PGP traits that sustain plant growth during drought. To test if such promotion effect exerted by PGPB can go beyond a laboratory controlled setting, we present preliminary results about bacterial strain inoculation on pepper plants cultivated in field trials (Fig. 1A) . Plants exposed to Klebsiella oxytoca (R5ACCd) and Citrobacter freundii (R16ACCd) isolates 6 established larger root system than uninoculated controls (Fig. 1A-B (Fig. 1C-D) . While the photosynthesis of uninoculated control tomato plants under water stress decreased by about 80% (38.95 ± 0.35 nmol O 2 /ml min) compared with untreated plants (197.33 ± 4.81 nmol O 2 /ml min), the treatment with strain B-O limited the photosynthesis decrease to 58% (82.45 ± 24.99 nmol O 2 /ml min). These findings indicate that PGPB are able to stably interact with different plant systems and support their growth under water stress. Recently, we performed a large survey of bacteria associated to the grapevine root system in 3 sites located along an aridity gradient from Italy, Tunisia, and Egypt. Despite differences in the bacterial community structure, a homeostatic bacterial PGP potential, in terms of number and types of PGP traits, was observed in the 3 sites along the transect. 9 Thus, independently from the structure of the associated microbiome or the geographical location, the same plant species (here grapevine) selects for different bacterial communities still able to sustain plant growth and development under different degrees of water stress, and whose composition is driven by the specific environmental setting. 9 However, when environmental conditions are more selective the microbiome variability may be simplified, possibly due to a relatively limited span of taxonomic diversity within such a selective condition. For instance, in hypersaline ecosystems, where salinization is a major constraint, native halophytes such as Salicornia sp. retain a rhizospheric bacterial community, homogenous in taxa composition, that still show abiotic stress tolerance and a large portfolio of PGP abilities. 10 Several mechanisms of drought resistance in plants have been proposed to be induced by PGPB, through the elicitation of the so-called induced systemic tolerance (IST) 11 (Fig. 2) . It has been shown that the modulation of ethylene concentration by PGPB rescues normal plant growth under stress conditions. The degradation of the ethylene precursor 1-aminocyclopropane-1-carboxylic acid (ACC) by bacterial ACCdeaminase activity promoted in drying soil shoot and root growth, indicating that the bacterial effects was directly mediated by ethylene signaling. 12 Furthermore, PGPB can produce hormone-like substances (e.g., auxin) that affect plant root development. The increment of root length, root surface area, and the number of root tips, leading to enhanced water and nutrient uptake, represents a key factor to improve plant survival chances when water represents the limiting growth factor. 13 Meanwhile, to cope with ROS deleterious effects, enzymatic and non-enzymatic antioxidant responses are stimulated by PGPB to scavenge these toxic compounds. 13 In the rhizosphere, where limited water content cause salt accumulation, osmotic stress, and soil hardness, PGPB produce extracellular matrices favoring soil and water stability, increasing root adhering soil, and positively influencing water potential around the root system. 14 Even volatile organic compounds (VOCs) released by PGPB play a role in IST response. 15 VOCs released by Bacillus subtilis GB03 stimulated Arabidopsis biosynthesis of choline, a compatible solute involved in preventing water loss and maintaining cell turgor. 16 Moreover, stomata closure was induced in Pseudomonas chlororaphis O6-colonized plants by 2R,3R-butanediol, a volatile metabolite able to interfere with several hormone signaling pathways including salicylic acid, ethylene, abscisic acid, and jasmonic acid. 15 Our findings suggest that in relation to plant resistance to water stress, a feature of primary evolutionary importance for all plants, a cross-compatibility between PGPB and different plant models exists at least on a short term. It remains to be determined the long-term stability of such a cross-compatibility that, from an applied perspective, represents a crucial knowledge to develop bioprotective strains against drought, widely usable with different plants and cultivars.
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